Introduction
Surgical intervention on intestinal injuries long became that day-to-day procedures of surgical practice, either due to trauma or due to numerous diseases. The healing process is very important in this type of surgery, given the high risk of complications, such as: suture dehiscence, fistula and severe abdominal infections by the intestinal bacterial flora, leading to high rates of morbidity and mortality. For this reason, many techniques and materials have been used to make digestive tract anastomoses safer and more effective 1 . Due to its importance, the healing process in intestinal surgery has been studied in its broader aspects.
The complications related to intestinal anastomosis are more frequent in the first week after surgery, when the anastomotic tensile strength depends mainly of collagen fibers produced by fibroblasts, present mainly in the digestive tract submucosal layer, which hold the suture and support the intestinal wall. After this initial period, the supply of collagen fibers increases along the immune and humoral system performance, restoring the normal tissue tensile 2 . This healing process includes three distinct, well known, overlapping and interdependent phases: inflammatory, proliferative and maturation 2, 3 . However, some factors such as anastomosis technique, presence of infection, postoperative care, individual immunity, blood supply, bacterial flora, inflammatory response, age and nutritional status interfere with the scar strength and anastomosis integrity [3] [4] [5] . Currently, new research lines are investigating other agents or conditions that might interfere with the healing phases or directly in the collagen metabolism, leading to a healing process deficiency, as described by Biondo-Simões et al. 6 in a test study with hypothyroid animals, where it was reported delayed maturation of the scars in intestinal anastomosis decreasing the production of collagen type I and III.
For this reason, research on substances that speed up the healing process, increase scar strength and at the same time, develop minimal side effects, have been growing considerably in recent years, attracting attention from the pharmaceutical industry.
Studies on herbal medicines in Northern Brazil, with anti-inflammatory and healing action on skin wounds, have been well documented in the medical literature 7 , especially resin extracted from the trunk of the Copaíba (Copaifera Iangsdorfii), tree of the Fabaceae family.
Recent studies have demonstrated clear therapeutic effects of this oil as an inflammation inhibition agent, healing process accelerator in open wounds and even antinociception 8, 9, 10 . In that area, new lines of research have been developed to analyze the Copaíba oil chemicals components associating them with their pharmacological effects. There are, for example, evidence of healing and anti-inflammatory activity in certain fractions of diterpenes, sesquiterpenes, kaurenoic and polyaltic acids, present in pure oil. Those are responsible for speeding up to day 9 the healing in open wounds and to day 5 in cases of wounds by incisions 7 . Despite the widespread use of Copaíba oil in popular medicine and its proven healing effect on open wounds, what is known about the effects on the healing process development is not yet clearly explained scientifically, especially on issues related to intestinal anastomosis. Therefore, this study sought to evaluate, from a mechanical strength perspective, the effects of Copaíba oil on the healing of intestinal anastomosis in Wistar rats. 11, 12 .
Methods

Sampling
To perform this experiment 60 male Wistar rats (Rattus norvegicus albinus) were used, with age ranging from 200 to 250 (mean 225 days), coming from Positivo University´s biolab and whose weights ranged from 320 to 390 g.
The animals were housed in pairs in standard lengths polypropylene cages and maintained in a cycle of 12 hours of daylight and 12 hours of darkness and constant temperature of 24ºC.
The animals were fed with adequate diet and had access to water ad libitum during the experiment.
Procedures
The animals were subjected to fasting for 12 hours prior surgery, being kept free access to water. The surgery took place the next day.
The rats received inhalation anesthetic induction by Halotene vaporization, in closed hood, being considered anesthetized when they showed no reaction to handling. After that, they were anesthetized via Ketamine Chloride 10% intramuscular, at a dose of 100 mg/kg body weight and Xylazine Chloride 2%, at a dose of 10 mg/kg body weight.
The anesthetic dosage applied was considered appropriate observing the amplitude and frequency of their respiratory movements and reflex to pain. After the anesthetic induction, were noted in the protocol form the animal´s group and subgroup and the date of surgery.
Followed the ventral abdominal wall trichotomy. Then, the fixing of the animal with adhesive tape, in the surgical pad on supine position, and keeping its members extended. Then, it was performed the thoracic-abdominal antisepsis with polyvinylpyrrolidone-iodine solution at 10% and abdomen delimitation with sterile surgical drapes.
There was a midline incision 4 cm long, using scalpel #15, starting from the end of the xiphoid process and addressing the caudal direction, involving all tiers of the ventral abdominal wall. Thereby obtaining operative access to peritoneal cavity. Then, it was examined the small intestine segment to be approached, common to all animals, identifying the intestinal ring segment 10cm from the duodenojejunal flexure. Then it was carried out a cross section of it (Figure 1 ), and followed a terminal-end anastomosis, using polypropylene monofilament thread 6-0 (needle 3/8), at suture single layer, with separate total stitches, closed with four internal tied semi-knot on the mucosa 13 , totalizing eight points ( Figure 2 ). The anastomosis was protected with sterile wet gauze to cause a lesser trauma to the intestinal ring. After that, the intestine was returned to its normal position in the abdominal cavity. The abdomen wall was sutured with two suture lines, in continuous whipstitch, the first, peritoneum-muscular-aponeurotic, and the second, the skin one; using for it polyglactin multifilament thread 3-0.
Right after surgery, the animals received subcutaneous opioid analgesic (Morphine) in a single dose of 2.8 mg/kg, in order to prevent postoperative pain at the surgical site.
The animals were then transferred to appropriated cages, identified by group and subgroup for postoperative follow-up, and observed until recovery of their normal motor activity, and transferred to the original cages, previously identified and at environmental conditions similar to the preoperative period.
The choice of groups was made randomly: Group O, with 30 animals that received pure Copaíba oil from the Amazon, and Group C (control), with 30 animals that received saline 0.9%. Each group was subdivided into three subgroups containing 10 rats each. They were designated O7, O14, O28, C7, C14 and C28, according to the postoperative assessment date, i.e, after 7, 14 and 28 days, respectively. During the first seven days after surgery, each group received analgesic and antipyretic, diluted in water (acetaminofene drops, 200 mg/ml).
The rats had free access to water immediately, while ration was given 12 hours after the surgical procedure.
The Copaíba oil administration in group O animals was performed via gavage at doses of 0.42 ml/kg weight, once a day, for the given periods after surgery procedure. That dose was based on popular indication for therapeutic usage, suggesting daily usage of 1 tablespoon a day (around 10mL) which, being applied the correction factor to a rodent metabolism (f=3) 14 , correspond to a volume of 0.42 ml/kg.
Administration by gavage was chosen for its simplicity, low cost and adequacy to the study 14 .
In group C animals saline 0.9% via gavage was used, a volume of 0.2 ml once a day. The period of administration was equal to that by oil. The animals in this group were examined for the possibility of interference from stress due handling and/or gavage.
The administration of oil or saline was performed on the same day of the surgery and for more 7, 14 or 28 days, depending on the subgroup of each animal, using gavage with the animal previously sedated by Halotane inhalation vaporization. On the rats daily physical examination were observed the general conditions and the appearance of the operative wound, for the possible occurrence of bleeding, infection, dehiscence of the skin suture and/or evisceration.
Euthanasia was performed on 20 animals (10 in each subgroup) on postoperative days 7, 14 and 28, by respiratory failure induced by hypercapnia. Access to the abdominal cavity was then obtained by paramedian ventral incision to the left (2 cm from the midline). Then any found adhesions were shattered, removing the intestinal segment containing the anastomosis area, 1 cm proximal and 1 cm distal from the suture line, which was named specimen (CP) and forwarded to stress testing.
Stress assessment
The surgical specimens had their eventual fecal content removed with saline 0.9%, being maintained immersed in the same solution and right after that they were submitted to rupture strength analysis.
The mechanical analysis of the specimens was performed by tensile test of the anastomosis operated automatically by tensile assay universal mechanical-eletronic equipment. For tensile strength assessment, each animal specimen were fixed, manually and individually, in tensile equipment adaptable pressure clamps, to held the anastomosis on its medium section equidistant from its ends (Figure 3) .
The tension was developed with a constant speed of 50 mm/minute using a load of 10kg and the equipment enabled 50g sensibility with force limit of 4500 Kgf until total breakdown of the specimen anastomosis with 0.5% margin of error until its total rupture (Figure 4) . All specimens were tested at time intervals up to two hours after its resection and the results acquisition occurred through TESC software, version 2.0, coupled to the system that allowed calculation of each specimen anastomosis maximum stress, maximum tensile strength, and total rupture strength, as well as the graphical analysis of the event. The maximum tensile strength (FMT) was defined as the maximum force supported by the anastomosis immediately before the start of the rupture and the total rupture strength (FRT) was considered the force required to break through the anastomosis, being kilogram-force these parameters units. The maximum stress (TM) was considered the maximum stress supported by the anastomosis immediately before the rupture, in millimeters of mercury.
It was excluded from the present study the samples in which it was not possible to examine all the variables previously determined.
Statistical analysis
The results obtained in the study were expressed by means, medians, minimum values, maximum values and standard deviation. To compare the groups at each assessment time, the Student t test for independent samples was used. To compare the assessment times within each group, the variance analysis model and the LSD test for multiple comparisons was used. Variables normality condition was assessed by Shapiro-Wilks test. Values p<0.05 indicated statistical significance.
Results
All samples were collected without any harm to the specimens, the suture lines were found in perfect condition, with no dehiscence or fistulas. Besides diarrhea, observed in 4 rats from the oil group, no other side effects were found.
In the three study variables (TM, FRT and FMT) the results of comparisons between groups indicated that, for the three assessment times (7, 14 and 28 days) there was no significant difference between the oil and control groups.
For the variables MT and FMT, in the control group, significant differences were found between the three assessments times (p=0.007 and p=0.004, respectively). Similarly, in the oil group, significant difference was found between the three assessments times (p<0.001 for both variables). For the FRT variable within the control group, there were no significant differences between the three assessments (p=0.306). But for the oil group significant difference was found (p=0.002). Thus, the times were compared two by two. Figures 5-7 illustrate the values found for these variables within each group. 
Discussion
Suture dehiscences occur in 3% to 20% on gastrointestinal tract surgery, and accounts for the high morbidity and mortality of these patients 1 . For this reason, numerous studies on the intestinal epithelium healing process in animal models have been performed in order to reduce this complication dreaded by surgeons.
We are still moving slowly on this direction, in search for new techniques and safer and more effective substances to accelerate tissue repair. In recent years, researchers have found in the Brazilian flora some substances with potential healing effect in colonic anastomosis 2, 15 , but the results are not yet considered completely safe. In contrast, Copaíba Oil, which has long been used in the Northern and Northeast Brazil for different therapeutic purposes, such as anti-inflammatory, healing of wounds and laxative [8] [9] [10] has been gaining attention in the scientific community and has been target of numerous studies on their physicochemical properties with the aim to develop drugs capable of stimulate the surgical repair.
Some substances such as diterpenes, sesquiterpenes, kaurenoic and polyaltic acid have already been isolated from the pure oil and subjected to tests that proved its healing and antiinflamatory action 7 . Its action on the superficial skin has already shown beneficial effects, accelerating the tissue repair process 16 . However, little is known about its effects on the intestinal epithelium.
For this reason, this study sought to investigate the healing effects of Copaíba Oil on small intestine anastomosis, analyzing the mechanical strength of the anastomotic scar.
According to the results obtained and analysis of the variables in question, it was found no difference between the control and the oil group at the different dates of assessment, indicating that Copaíba oil, apparently, has no effect on the intestinal mucosa, unlikely as on the skin 16 .
FIGURE 6 -MTS variable. It presents significant difference between day 7 and 14 and between day 14 and 28 for both groups.
FIGURE 7 -MRS variable. It presents significant difference between day 7 and 14 and between day 14 and 28 for both groups just for oil group.
However, when compared within each group, the assessment times presented significant difference on the specimens MT and FMT between 7 and 14 days and 14 and 28 days, suggesting that time is a more important factor to the increased mechanical strength of the anastomotic scar than the actual action of the oil.
Nothing is known about the anastomotic scar morphology pattern concerning the collagen and fribroblasts proliferation on the oil effects, being needed more studies performed for this purpose. However, for the mechanical testing proposed by this study, Copaíba oil has proven to be not effective in increasing the anastomosis strength, the desired effect in any intestinal surgery due to high risks of complications.
Conclusion
For the mechanical tests proposed by this study, Copaíba oil didn´t show any effectiveness in increasing the anatomosis strength.
